Background: The utility of exercise-induced ST-segment depression for diagnosing ischemic heart disease (IHD) in women is unclear.
| INTRODUCTION
The American Heart Association/American College of Cardiology (AHA/ACC) guidelines recommend exercise electrocardiography (Ex-ECG) as the initial diagnostic test for women and men with an intermediate pretest probability of ischemic heart disease (IHD). 1 However, for the diagnosis of obstructive coronary artery disease (CAD), Ex-ECG frequently has false-positive results, 2 which are more common in women than in men. [3] [4] [5] Due to the relatively higher prevalence of false-positive Ex-ECGs, women with ST-segment depression but no obstructive CAD are often given noncardiac diagnoses, and further cardiologic testing or treatment is not pursued. 6 Thus, the utility of ST-segment depression for the diagnosis of IHD in women, which can be caused by processes other than obstructive CAD, remains unclear. 7 Despite the poor specificity of Ex-ECG for the diagnosis of obstructive CAD, Ex-ECG paradoxically has strong prognostic value, even in individuals with low pretest probability of CAD. [8] [9] [10] The association between exercise capacity and mortality has been well established. 11 Additionally, ST-segment deviation during exercise is an independent predictor of mortality, as shown by several large cohort studies of asymptomatic patients without a history of cardiovascular (CV) disease. 10, 12 In the Lipids Research Clinics subset study, a positive Ex-ECG was a stronger predictor of CV death than high lowdensity lipoprotein cholesterol, low high-density lipoprotein cholesterol, smoking, hyperglycemia, or hypertension. 10 A variety of factors have been proposed to explain the false-positive rate of ST-segment depression in women, including digoxin-like effect of estrogen, more prevalent resting ST-T wave changes, and Bayesian principles related to lower obstructive CAD prevalence. 13 However, these factors do not explain the diagnostic-prognostic paradox of Ex-ECGs in women.
Endothelial dysfunction is also a potent predictor of adverse CV prognosis. A synthesis of 15 published reports on coronary and peripheral testing for endothelial dysfunction demonstrates an overall relative risk ratio for abnormal findings of nearly 10-fold, comparable with that of advancing imaging. 7, 14 Based on the growing evidence that IHD pathophysiology in women involves coronary vascular dysfunction, we hypothesized that coronary vascular dysfunction contributes to falsepositive Ex-ECG results in women. We tested our hypothesis in a pilot study by evaluating the relationship between peripheral vascular endothelial function and Ex-ECG in asymptomatic reference control women.
| METHODS

| Patient selection
Asymptomatic women in the greater Los Angeles area were recruited through print and online media to join a study determining female-specific reference control limits for an advanced cardiac imaging study (cardiac magnetic resonance imaging). Inclusion criteria included female subjects age ≥ 18 years, without signs and symptoms of myocardial ischemia, without cardiac risk factors according to Framingham/National Cholesterol Education Program criteria, age-and body mass index-matched to cases in the Women's Ischemia Syndrome Evaluation-Coronary Vascular Dysfunction (WISE-CVD) study. 15 Exclusion criteria included inability to walk at a moderate pace on a treadmill, women who were pregnant or lactating, or women with an abnormal resting ECG. Based on these criteria, the recruited women had a low (<1%) Bayesian likelihood of obstructive CAD. with the PR segment to determine amplitude of deviation. The ST/heart rate (HR) index was calculated by dividing the maximal change in ST-segment depression during exercise by the change in HR from rest to peak exercise. 16 Target HR was defined as achievement of ≥85% of maximal predicted HR for age calculated as 220 -age (in years). Ltd., Caesarea, Israel) to measure reactive hyperemia index (RHI). A fingertip plethysmograph measured beat-to-beat arterial pulse wave signal of both hands. One arm remained the control arm with no occlusion, and the other arm was occluded for 5 minutes using a blood pressure cuff after baseline measurement was taken. An RHI was defined as the ratio of the post-and pre-occlusion baseline period corrected for signal of the nonoccluded control arm. 17 A RHI of <1.68 is defined as endothelial dysfunction. 18 All RHI measurements were conducted in the morning, with women fasting for ≥4 hours and withholding caffeine for 24 hours. A blinded physician independently reviewed and validated each PAT.
| Ex-ECG testing
| Peripheral endothelial function
| Statistical analysis
The data were analyzed using both categorical and continuous variables. For categorical analysis, women were divided into subgroups based on negative vs positive Ex-ECG and normal vs abnormal RHI. Table 1 and depict a study population of predominantly midlife, postmenopausal, overweight subjects. Most subjects (93%) were able to achieve target HR during the Ex-ECG.
| RESULTS
| Baseline characteristics
| Peripheral vascular endothelial function, Ex-ECG, and Duke Treadmill Score results
The mean RHI was 2.51 AE 0.66. Three women (10%) had a RHI of <1.68, consistent with endothelial dysfunction. Demographics did not differ between women with normal vs abnormal RHI (data not shown).
Eighteen (62%) of the 29 women met criteria for a positive Ex-ECG.
There was no significant difference in demographics between women with and without ST-segment depression (data not shown). Women with ST-segment depression had similar baseline and exercise vital signs, as well as metabolic equivalents (METs) achieved, compared with women without ST-segment depression ( Table 2 ).
| Peripheral vascular endothelial function and Ex-ECG
In analyzing categorical variables, there was no significant difference in RHI between women with vs without a positive Ex-ECG (Table 2) .
Vice versa, the prevalence of positive Ex-ECG was 33% (1/3) in women with abnormal RHI and 65% (17/26) in women with normal RHI (P = 0.54). Additionally, using regression modeling, there was no significant relationship between RHI as a continuous variable and Ex-ECG variables including presence of positive Ex-ECG, Duke Treadmill Score, or ST/HR index ( Table 3) 
| DISCUSSION
In our pilot study of asymptomatic, middle-aged, overweight women recruited to establish female-specific advanced cardiac imaging reference limits, we observed a relatively high percentage of Ex-ECG STsegment depression. RHI did not predict Ex-ECG ST-segment depression in these women, indicating that endothelial dysfunction and STsegment depression may not be related and, instead, may independently predict poor CV outcomes. among 5721 asymptomatic women. Although the women in this study were similar in age to the women in our study, they also only achieved an average of 8 METs. 20 Finally, Balady et al reported a ST-segment depression incidence of 3.8% among 1612 asymptomatic female offspring of the original Framingham Heart Study participants. Again, the average age was 10 years lower and exercise treadmill testing was stopped when 85% of maximal HR was reached, regardless of the participant's ability to continue exercising, which the authors identified as a potential reason for decreased frequency of ST-segment depression. 21 In contrast, in our population, the mean maximum HR achieved was 97%. To further support the idea that older age contributed to our current findings, Profant et al. demonstrated a 67% incidence of Ex-ST-segment depression in asymptomatic women age ≥ 60 years, compared with only 5% in women age 30 to 39 years. 22 A further explanation for the increased incidence of positive Ex-ECG results may be a result of the methods used in this study. We used 12-lead ECG analysis, whereas some other studies have based their analyses on the orthogonal lead system. In the studies mentioned above, the Lipid Research Clinics Prevalence Study used the orthogonal lead system rather than the 12-lead system, and the St. James Women Take Heart Project did not specify the leads they analyzed for ST-segment depression. 19, 20 
Compared with the current study results, previous studies reported lower incidences of Ex-ECG ST-segment depression in
| CONCLUSION
Our pilot study demonstrates a relatively high prevalence of STsegment depression and peripheral vascular endothelial dysfunction in asymptomatic, middle-aged, overweight reference control women.
Peripheral vascular endothelial dysfunction did not predict Ex-ECG ST-segment depression. Either endothelial function testing and Ex-ECG testing provide CV prognostic risk stratification independently, or our pilot study may have been underpowered to detect relations to Ex-ECG ST-segment depression, as the sample size of women with abnormal peripheral endothelial function was small. Our work highlights the need for a larger, more definitive study investigating the utility of both vascular endothelial testing and Ex-ECG for IHD diagnostic and management purposes in women. 
